Aerological observations in the Tropics in the Early Twentieth Century by Brönnimann, Stefan & Stickler, Alexander
eschweizerbart_xxx
Aerological observations in the Tropics in the Early Twentieth
Century
Stefan Bro¨nnimann* and Alexander Stickler
Oeschger Centre for Climate Change Research and Institute of Geography, University of Bern, Switzerland
(Manuscript received December 10, 2012; in revised form April 10, 2013; accepted April 10, 2013)
Abstract
In the first decades of the 20th century, aerological observations were for the first time performed in tropical
regions. One of the most prominent endeavours in this respect was ARTHUR BERSON’s aerological expedition
to East Africa. Although the main target was the East African monsoon circulation, the expedition provided
also other insights that profoundly changed meteorology and climatology. BERSON observed that the tropical
tropopause was much higher and colder than that over midlatitudes. Moreover, westerly winds were observed
in the lower stratosphere, apparently contradicting the high-altitude equatorial easterly winds that were
known since the Krakatoa eruption (‘‘Krakatoa easterlies’’). The puzzle was only resolved five decades later
with the discovery of the Quasi-Biennial Oscillation (QBO). In this paper we briefly summarize the
expedition of BERSON and review the results in a historical context and in the light of the current research. In
the second part of the paper we re-visit BERSON’s early aerological observations, which we have digitized.
We compare the observed wind profiles with corresponding profiles extracted from the ‘‘Twentieth Century
Reanalysis’’, which provides global three-dimensional weather information back to 1871 based on an
assimilation of sea-level and surface pressure data. The comparison shows a good agreement at the coast but
less good agreement further inland, at the shore of Lake Victoria, where the circulation is more complex.
These results demonstrate that BERSON’s observations are still valuable today as input to current reanalysis
systems or for their validation.
Keywords: Historical aerology, Berson westerlies, Quasi-Biennial Oscillation, tropical tropopause.
1 Introduction
Imagine tropical meteorology around 1900. The tropics
were of vital interest for the colonial powers and a large
population lived in the tropics. Monsoon failures (includ-
ing the droughts of 1877–1878) and tropical cyclones in
the second half of the 19th century had demonstrated how
strongly societies and economies in the tropics depend on
weather and how devastating a failure of monsoon rain
can be. Various organizations and meteorological offices
began measuring programs in the late 19th century with
the aim of better understanding interannual variations
of climate (both in the tropics and extratropics) and its
relation to the tropical circulation (e.g., SHAW, 1905;
DE ORY and PALOMARES, 2005). However, apart from
its use for navigational purposes not much was known
on monsoon circulations. Specifically, aerological obser-
vations were missing to determine the upper-level flow.
With his aerological expedition to East Africa in 1908,
ARTHUR BERSON aimed at filling this gap.
In this paper, which accompanies the edited translation
of a paper by SU¨RING (1910) on BERSON’s expedition, we
revisit tropical aerology of that time in general and
BERSON’s expedition in particular from a present day per-
spective. BERSON’sworkwas influential to the present day
– not because of the monsoon circulation, but because of
the observation of the tropical tropopause and of westerly
winds in the equatorial lower stratosphere.
We have digitized the aerological observations of
BERSON, togetherwithmost other aerological observations
of that time. Given the current emphasis of developing glo-
bal historical weather data sets, these observations can pro-
vide important information even today. We compare the
observations with the ‘‘Twentieth Century Reanalysis’’,
which provides global three-dimensionalweather informa-
tion back to 1871 based on surface and sea-level pressure.
The paper is organized as follows. Section 2 provides
an introduction into the state of tropical meteorology and
aerology around 1900. In Section 3 we give short biog-
raphies of ARTHUR BERSON and REINHARD SU¨RING
and describe the East Africa Expedition. In Section 4
we put BERSON’s results on the tropical tropopause and
the lower stratospheric easterlies into context. We then
present, in Section 5, the digitized aerological observa-
tions from this expedition and compare them with the
‘‘Twentieth Century Reanalysis’’ (20CR, COMPO et al.,
2011). Conclusions are drawn in Section 6.
2 Tropical meteorology and aerology
around 1900
Very little was known about the three-dimensional
monsoon circulation around 1900. While the trade
winds at the surface had been studied for a long time
*Corresponding author: Stefan Bro¨nnimann, Oeschger Centre for Climate
Change Research and Institute of Geography, University of Bern, Hallerst-
rasse 12, 3012 Bern, Switzerland,
e-mail: stefan.broennimann@giub.unibe.ch
Meteorologische Zeitschrift, Vol. 22, No. 3, 349–358 (October 2013) MetZet Classic Papers
 by Gebru¨der Borntraeger 2013
DOI 10.1127/0941-2948/2013/0458
0941-2948/2013/0458 $ 4.50
 Gebru¨der Borntraeger, Stuttgart 2013
s
o
u
r
c
e
:
 
ht
tp
s:
//
do
i.
or
g/
10
.7
89
2/
bo
ri
s.
39
43
5 
| 
do
wn
lo
ad
ed
: 
16
.5
.2
01
6
eschweizerbart_xxx
(HALLEY, 1686; HADLEY, 1735) and attempts had been
made to derive general conclusions on the zonal mean
atmospheric circulation (FERREL, 1856; see also
GRAMELSBERGER, 2009), the upper-level flow was basi-
cally unknown. One reason for this was the general lack
of upper-air information from the tropics and subtropics,
which at that time was limited to few high-elevation sites
and observations of cirrus movement or the spreading of
volcanic ash clouds.
Figure 1 (from ROTCH, 1902) summarizes the state of
the knowledge. Isobars and short arrows (based on the
Atlas of Meteorology, HANN, 1887) show the surface
pressure and trade winds, respectively, while the long
arrows indicate cirrus cloud motion. Some of the cloud
observations as well as observations from Tenerife sug-
gested an antitrade wind at upper levels, but observa-
tional evidence was very limited.
Aerological observations had only recently been
developed and brought to operational standards. At the
beginning stood manned balloon flights starting in Ger-
many in 1888, undertaken by the so-called Luftschiffer-
bataillon. The first meteorological kite flights had been
undertaken by EDY 1891 and ROTCH 1894 in the
USA. The first ballon-sondes had been launched in
1892 by the French HERMITE and BESANC¸ON. They
were a more independent means of obtaining vertical
soundings and soon reached 20,000 m altitude (PRINCE
ALBERT OF MONACO, 1907). But even in Europe and
North America, aerological observations were still in
the fledgling stages, with just very few sites such as the
Blue Hill Observatory (south of Boston), the Trappes
observatory close to Versailles or the Aeronautical Obser-
vatory in Tegel and later on Lindenberg (southeast of
Berlin) at which observations were done on a regular
basis. Aerologists were organized in the International
Aeronautical Association (see also STEINHAGEN,
2009a). Aerological observations seemed promising for
furthering the understanding of monsoons and tropical
circulation. Around 1900, many of the leading aerologists
(among them ABBOTT LAWRENCE ROTCH, Director of
the Blue Hill observatory and one of the main developers
of the meteorological kite, HUGO HERGESELL, Director
of the Aerological Observatory in Strasbourg and head
of International Aeronautical Association, ARTHUR
BERSON, and LE´ON-PHILIPPE TEISSERENC DE BORT)
had plans for aerological observations in the tropics
and presented them to the International Aeronautical
Association and to the meteorological community.
Soon, various activities started. HUGO HERGESELL
and PRINCE ALBERT OF MONACO made aerological
observations onboard the ‘‘Princess Alice’’ at Tenerife
in 1904 and 1905 (STEINHAGEN, 2009a). LE´ON-PHILIPPE
TEISSERENC DE BORT and LAWRENCE ROTCH made ae-
rological observations 1905 in Tenerife and 1906 in the
surrounding waters (DE ORY and PALOMARES, 2005).
In 1906/1907, the ‘‘MS Planet’’ cruised from Europe
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Figure 1: Isobars and winds for July (from ROTCH, 1902). Short arrows (surface winds) and isobars are taken from the Meteorological
Atlas of HANN (1887). Long arrows indicate cirrus motion.
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around Africa and the Indian Ocean to the Philippines,
making aerological observations with kites and
registering balloons (BRO¨NNIMANN et al., 2011). In
1908 ARTHUR BERSON started his aerological expedition
to East Africa and in 1909, the Dutch, equipped and sup-
ported by ASSMANN, started aerological observations in
Batavia (VAN BEMMELEN, 1911).
The results of these undertakings, specifically those of
BERSON’s expedition, were very fruitful and profoundly
changed climatology. The first World War put an end
to a further extension of these activities. Although aero-
logical measurements were performed in the tropics in
the 1920s and 1930s, the modern era of tropical meteo-
rology started only after the Second World War (RIEHL,
1954).
3 BERSON, SU¨RING, and the East Africa
expedition of 1908
3.1 ARTHUR BERSON
ARTHUR BERSON (Fig. 2) was born on 6 August 1859 in
Neu Sandez, Galicia (now Nowy Sa˛cz, Poland). He first
studied and taught languages, when in 1887 he began
studies in Geology (with FERDINAND VON RICHTHOFEN)
and Meteorology (WILHELM VON BEZOLD) in Berlin
(see STEINHAGEN, 2009b, for the following). His main
interest was atmospheric physics. In 1890 BERSON
became assistant of RICHARD ASSMANN (see EMEIS,
2012) at the Aeronautical Observatory of Berlin-Tegel,
where he was engaged in manned balloon observations.
In fact, he participated in 50 out of the 65 balloon cruises
within the ‘‘Berliner wissenschaftliche Luftfahrten’’
(BERNHARDT, 2000). The results were published by
ASSMANN, BERSON and GROSS (ASSMANN and
BERSON, 1899, 1900a,b). These cruises established the
vertical temperature structure over Europe in the lower
to middle troposphere. BERSON continued manned bal-
loon flights over Europe, but already had plans for an
expedition to other regions of the globe.
On 31 July 1901, BERSON and SU¨RING set a height
record for manned balloon flights. In an open gondola
they ascended to ca. 10,800 m, where they managed to
open a valve before becoming unconscious. Both sur-
vived the flight. Apart from setting a new record, the
measurements obtained during the flight confirmed the
observations of a parallel ascent of a registering balloon.
This fact was important for establishing the reliability of
the measurements and opened the door to the discovery
of the stratosphere in 1902 by RICHARD ASSMANN and
LE´ON-PHILIPPE TEISSERENC DE BORT (ASSMANN,
1902; ASSMANN and BERSON, 1902; TEISSERENC DE
BORT, 1902).
In 1905 BERSON moved to the newly founded Aero-
nautical Observatory of Lindenberg. In that position,
BERSON finally conducted his East African expedition.
In 1910, a year after the return from Africa, BERSON left
Lindenberg to become director of the Department for
Meteorological and Aeronautical Instruments at the Opti-
sche Anstalt C.P. Go¨rz. He planned a second expedition
to the tropics, however, only a preparatory expedition
could be performed due to the outbreak of the World
War. BERSON then worked for Junkers and was engaged
in Arctic aerology. BERSON died in 1942 (SU¨RING,
1943).
3.2 REINHARD SU¨RING
REINHARD SU¨RING (Fig. 2, right) was born on 15 May
1866 in Hamburg. He studied mathematics and natural
sciences and then became assistant at the Prussian
Meteorological Institute in 1890 and later at the
Meteorologisch-Magnetisches Observatorium in Pots-
dam. He participated in numerous scientific balloon
flights, including the record-breaking flight with BERSON
in 1901. He became department head and after 1928
director of the Meteorologisch-Magnetisches Observato-
rium in Potsdam. SU¨RING is also known for his famous
textbook, co-authored with JULIUS HANN, on meteorol-
ogy (HANN and SU¨RING, 1915). SU¨RING also was co-edi-
tor of the Meteorologische Zeitschrift – at first together
with JULIUS HANN – from 1908 to 1944 and from
1946 to 1950 editor of the successor journal Zeitschrift
fu¨r Meteorologie (see EMEIS, 2008).
3.3 BERSON’s East Africa expedition
Since the late 1890s, BERSON was planning aero-
logical expeditions to other regions of the globe (see
STEINHAGEN, 2009b, and SU¨RING, 1910, for the follow-
ing). He laid out his plans to ASSMANN already in 1900,
but funding could not be assured, while at the same time
other aerologists had already started to make measure-
ments in tropical regions. The ambitious plan had to be
downsized and was delayed several times. BERSON
focused on tropical continents and monsoon circulations,
which, as he felt, were not covered well enough by the
Figure 2: Photographs of ARTHUR BERSON in 1929 (left, Bundes-
archiv Bild 102-08272) and of REINHARD SU¨RING (right, source:
HILDEBRANDT, 1907).
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other studies. ASSMANN privately funded the prepara-
tions of the expedition, but all attempts to obtain funding
for the expedition were unsuccessful, the last attempt on
the day the expedition started. ASSMANN encouraged
BERSON to depart anyway, while he continued trying to
obtain funding. Finally, ASSMANN managed to secure
funding from several private contributors.
Together with HERMANN ELIAS, ARTHUR BERSON
performed aerological field work on Lake Victoria, in
Dar es Salaam, and later in Mozambique and the Mozam-
bique Channel (see Fig. 3). Even simultaneous ascents
(Mombasa, Lake Victoria) were performed. BERSON
and ELIAS used pilot balloons, kites (see Fig. 4), and reg-
istering balloons. The aim was to use ships as platforms
which were considered suitable both for kites and bal-
loons. However, only a slow ship could be found and
the rubber balloons were of low quality. On sea, a steam
ship, the light cruiser S.M.S. Bussard of the German
Imperial Navy, was used. In total 25 registering balloon
ascents, 65 kite ascents, and 84 pilot balloon ascents were
performed.
One of the main scientific aims of BERSON’s expedi-
tion was to analyze the East African monsoon circulation.
A schematic figure of the circulation is given in the paper,
focusing on the interaction of seasonally and diurnally
varying circulation systems (including the sea breeze of
Lake Victoria). The local circulation systems heavily
modulate the large-scale trade wind system in the lowest
4 km of the atmosphere. Other results include the obser-
vation that the tropical tropopause is much higher and
colder than that at midlatitudes. Also, BERSON and ELIAS
observed westerly winds in the lower tropical
stratosphere.
The results of the expedition were published in a
report by BERSON (1910) in the series ‘‘Ergebnisse der
Arbeiten des Ko¨niglich Preußischen Aeronautischen Ob-
servatoriums bei Lindenberg’’ (edited by ASSMANN).
The paper in the Meteorologische Zeitschrift by SU¨RING,
translated and edited in this volume (SU¨RING, 1910), is a
summary of that report.
4 Present day view of BERSON’s result
4.1 The tropical tropopause
From a present day perspective, BERSON’s expedition
was a milestone in the history of meteorology. But it
was not so much the study of the monsoon flow, which
is hardly remembered nowadays, that had a major impact
(for a more recent overview of the East African monsoon
see NICHOLSON, 1996). However, the high altitude and
low temperature of the tropical tropopause in contrast
to the mid-latitudes and the discovery of westerly winds
Mombasa
Dar es Salam
Shirati
Entebbe
Inhambane
Beira
Mori
Bay
Zanzibar
M
oz
am
bi
qu
eC
ha
nn
el
Lake
Victoria
Ukara Is.
N
Figure 3: Map of East Africa showing the locations of aerological
soundings made by BERSON (full dots) as well as existing
meteorological stations (open circles). Sea-level pressure from the
latter two stations constitutes the main source of information
assimilated into 20CR for the region shown.
Figure 4: Pilot balloon ascent at Mori Bay, Lake Victoria (top),
preparations for a kite ascent onboard the vessel ‘‘Rovuma’’ in the
Indian Ocean (bottom). Both photos are from the archive at
Lindenberg and were provided by H. STEINHAGEN.
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in the tropical lower stratosphere were lasting contribu-
tions to science.
When BERSON started his expedition, the discovery of
the tropopause was still recent and it was unknown
whether or not an inversion or isothermal layer would
also be found in the tropics, and if so, at which altitude.
Nowadays, the difference in the vertical thermal structure
of the troposphere and stratosphere between tropical
regions and high latitudes is common knowledge (see
Fig. 5, left). The tropical tropopause is, on average almost
twice as high as that over mid-to-high latitudes and con-
siderably colder. This text book knowledge goes back to
BERSON’s expedition and his comparison of the results
with the previous observations in Berlin (see Fig. 5,
right). BERSON speculated that their measurements of
tropical lower stratospheric temperature (84.3 C) were
the lowest temperatures measured in the Earth’s atmo-
sphere thus far. The low tropical tropopause temperatures
are the reason for the dryness of the stratosphere. Because
of its important role in radiative processes, cirrus cloud
formation, and stratospheric composition, the tropical tro-
popause region has become a very active research area in
the past years (FUEGLISTALER et al., 2009). One lesson
learned from the recent research is that the tropical tropo-
pause is not a clearly defined surface but a transition layer
in manifold ways.
1Following are five German quotes from ASSMANN and BERSON’s publication (ASSMANN and BERSON, 1902):
‘‘Schon bei dem ersten Blicke bemerkt man, dass [die Messkurve] [...] in den ho¨chsten erreichten Schichten ein ganz ungewo¨hnliches Bild darbietet. [...] [Auf
8700 m u¨.M.] scheint aufs neue ein intensives Temperatur-Gefa¨lle einzusetzen [...], aber es bricht kurz ab, um wie die Kurve zeigt und die Tabelle angiebt,
nach einer kurzen Isothermie in eine schnelle Temperaturzunahme u¨berzugehen, die, bei 10000 m beginnend, trotz fortgesetzten Steigens des Ballons bis zur
Ho¨he von 12850 m andauert [...]. Leider drang der Ballon nicht weiter vor, um u¨ber die obere Grenze dieser Umkehrschicht Aufschluss zu liefern.’’
‘‘Man wird also [...] hieraus den interessanten Schluss ziehen, dass in einer Ho¨he von 10-13000 m oberhalb einer Cirrostratusdecke eine intensive Temperatur-
Umkehrung vorhanden gewesen ist, bei welcher die Temperatur von -44 auf -35 gestiegen ist.’’
‘‘Die, wie ich glaube aussprechen zu du¨rfen, durchaus glaubwu¨rdige und korrekte Registrirung einer betra¨chtlichen, in solcher Ho¨he wohl noch niemals
beobachteten Temperatur-Umkehrung im Betrage von 9 und einer vertikalen Erstreckung von wahrscheinlich 6-7 km, ist natu¨rlich das fu¨r die Dynamik der
ho¨heren Luftschichten wichtigste, aber auch ra¨tselhafteste Ergebnis.’’
‘‘Die ho¨chste vom Ballon erreichte Schicht zeigte schon eine deutliche Anna¨herung an Isothermie, die vermuthlich bei 15 km Ho¨he in eine Abnahme
u¨bergegangen sein wu¨rde. [...] Selbstversta¨ndlich la¨sst sich die Mo¨glichkeit einer noch weiter aufwa¨rts reichenden Temperatur-Zunahme durchaus nicht in
Abrede stellen; die hier einsetzende Strahlungswirkung und das Ende des Aufsteigens des Ballons begrenzt leider das Experiment allzu fru¨h.’’
‘‘In Anbetracht der auch so schon wahrscheinlich grossen Ma¨chtigkeit der Umkehrschicht ist es wohl nicht unstatthaft, den gefundenen Strom wa¨rmerer Luft
als einen Zweig der grossen Luftcirkulation zwischen dem Aequator und den ho¨heren Breiten anzusehen, der die u¨ber den tropischen Meeren unter steter
Kondensation aufgestiegenen und deshalb verha¨ltnisma¨ssig hoch temperirten Luftmassen auf abwa¨rts geneigter Bahn polwa¨rts fu¨hrt und infolge der hierbei
eintretenden Verengerung des Strombettes zur Bildung von Wirbeln in den tieferen Schichten Veranlassung giebt.’’
‘‘Dieser Versuch lehrt aber ferner, wie nothwendig es ist, den bei Ballon-sonde-Aufstiegen gewonnenen Registrirungen eine Zuverla¨ssigkeit zu geben, die alle
Zweifel ausschliesst. So lange dieses Ziel nicht erreicht ist, wird man manches a¨hnliche Resultat ungenutzt lassen mu¨ssen, da man nicht zu entscheiden
vermag, ob thatsa¨chliche Verha¨ltnisse oder Fa¨lschungen durch die Sonnenstrahlung vorgelegen haben.’’
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Figure 5: (left) Altitude-latitude cross-section of temperature from the NCEP/NCAR reanalysis data set (KALNAY et al., 1996), 1981-2010.
The dashed line indicates the tropopause altitude as given in the NCEP/NCAR reanalysis. (right) Temperature profiles from balloon ascents
made by ASSMANN in Berlin in 1901 and 1902 (blue) and by BERSON in East Africa in 1908 (red). The profile from 10 April 1901 may have
been the first profile to show the tropopause. ASSMANN was clearly aware of the relevance of this finding, but pointed out that the reliability
of the measurements needs to be established more firmly (ASSMANN in ASSMANN and BERSON, 1902).1
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4.2. The BERSON westerlies
A minor note of BERSON’s report and SU¨RING’s paper
received a lot of attention in the following years and
decades. BERSON reported that they observed westerly
winds in the equatorial lower stratosphere. This finding
was in apparent conflict with the notion that easterly
winds prevail in the equatorial regions at high altitude,
which had emerged from the observation of the ash cloud
after the Krakatoa eruption (SYMONS 1888, see
HAMILTON, 2012 for details). SU¨RING (1910) noted that
VAN BEMMELEN found westerlies as well in the sound-
ings performed in Batavia. In 1914 HANN and SU¨RING
(cited from HAMILTON, 2012) reported that after the
eruption of Semaru (3,780 m) on Java on 15 November
1911, a cloud of ash rose to 19–24 km where it was
deformed by westerlies (see HAMILTON, 2012). Easterlies
andwesterlies therefore needed to be reconciled. For a long
time, the BERSON westerlies were believed to occupy a
small cross-section in the lowermost stratosphere, sur-
rounded by easterlies (see Fig. 6, from HASTENRATH,
2007). This viewwas put forth in text books until the early
1960s. The problem was only resolved when the
Quasi-Biennial Oscillation (QBO) was finally discovered
around 1960 by REED et al. (1961) and VERYARD and
EBDON (1961) (see also LABITZKE and VAN LOON,
1999; BALDWIN et al., 2001; HAMILTON, 2012).
Today the QBO is considered important for under-
standing interannual variability in atmospheric dynamics
and ozone (BALDWIN et al., 2001) and the effects of solar
forcing on the polar stratosphere (e.g., LABITZKE et al.,
2006). It even may affect midlatitude weather (BALDWIN
et al., 2001). Knowing the phase of the QBO back in time
would therefore be useful. A cycle-by-cycle reconstruc-
tion of the QBO back to 1908 was attempted by
BRO¨NNIMANN et al. (2007) based, among other sources,
on VAN BEMMELEN’s data that were published in sum-
mary form in EBDON (1963). Figure 7 shows the period
1908 to 1913 from this reconstruction. The reconstruc-
tion fits well with BERSON’s observations, but somewhat
less well with the Semaru ash cloud, for which the recon-
struction suggests mainly easterlies. The results are not
inconsistent as only a slight delay in the phase change
in the reconstruction or an underestimation of the cloud
altitude by HANN and SU¨RING might account for the dif-
ferences. This shows how difficult it is to estimate the
QBO phase based on sparse observations. Further histor-
ical observations might help to reconcile the different
information. Although from today’s perspective, the
QBO appears as a quite regular phenomenon, it was
not possible to detect it before more frequent observa-
tions from the equatorial stratosphere became available
with the International Geophysical Year in 1957.
5 Re-evaluating BERSON’s data
In the context of the European project ERA-CLIM, we
have digitized large amounts of historical upper-air data,
including those from the BERSON expedition (as well as
most other aerological observations mentioned). In the
following we present some of these data.
The data from the BERSON expedition encompass the
pilot balloon and kite observations from October 1908
taken on-board the S.M.S. Bussard which was cruising
along the Indian Ocean coasts of Kenya, Tanzania and
passing the island of Zanzibar through the Channel of
Mozambique as well as 12 upper-air records obtained
at fixed land locations and on-board the steamer ‘‘Husse-
ini’’ on Lake Victoria. Of these 12 series, 6 contain pilot
balloon wind data recorded at Beira (Mozambique), Dar
es Salaam (Tanzania), Mombasa (Kenya), and at three
different locations at or on Lake Victoria (see Fig. 3).
Kites were launched at five locations: Dar es Salaam, In-
hambane (Mozambique), Mombasa, and at two locations
on Lake Victoria. Finally, one record contains data from
registering balloon ascents done at a location at Lake Vic-
toria (see Fig. 3). The first records start at Lake Victoria
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Figure 7: Monthly reconstructions of equatorial zonal mean zonal
winds from 1908 to 1913 (BRO¨NNIMANN et al., 2007). Westerly
winds are shown in grey, easterlies in white, contour lines are 10 m/s
apart. Arrows indicate the observations of westerly winds by
BERSON (left) and after the Semaru eruption (right), respectively.
Figure 6: Conceptual view of the zonal circulation as it was
envisaged until around 1960 (reprinted from HASTENRATH, 2007,
with permission from Elsevier).
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in July 1908. During September and October 1908,
simultaneous observations were performed at Lake Victo-
ria and in Mombasa. The measurements in Mozambique
were made later on from October to December 1908.
Determining the monsoon circulation was not only a
problem to BERSON, but even current reanalysis data sets
do not agree in the monsoon regions. For the mid-twen-
tieth century, biases relative to observations that are as
large as the mean were found (STICKLER and BRO¨NNI-
MANN, 2011). It is therefore important to compare the
new historical reanalysis data sets with observations from
the past, which however have been unavailable until
recently. A large amount of historical upper-air data
was recently compiled by STICKLER et al. (2010). The
newly digitized data will add to this collection.
In this section we compare BERSON’s data with corre-
sponding data extracted from the ‘‘Twentieth Century
Reanalysis’’ (20CR, COMPO et al., 2011). 20CR is a glo-
bal, 3-dimensional atmospheric data set that is based on
the assimilation of only surface and sea-level pressure,
with monthly sea-surface temperatures and sea ice used
as boundary conditions. 20CR provides data back to
1871, but first validations have shown that its quality is
worse in the tropics than at midlatitudes (COMPO et al.,
2011; BRO¨NNIMANN et al., 2011; BRO¨NNIMANN and
COMPO, 2012). This might be due to the fact that air pres-
sure does not constrain atmospheric circulation well
enough in the tropics due to the vanishing Coriolis accel-
eration. It might also simply be due to the fact that almost
no pressure information was available for the tropics. In
1908, air pressure was only available from three stations
in the whole of Africa (in addition to occasional ship
data), two of which were in East Africa (Entebbe, Dar
es Salaam, see Fig. 3). It is interesting to compare the
atmospheric circulation in 20CR, constrained by such lit-
tle information, with independent historical upper-air
information.
For the comparison we used the ensemble mean of
20CR from the closest synoptic time (20CR is available
for 0, 6, 12, and 18 UTC), linearly interpolated to the
6 m/s
220 230 240 250 260 220 230 240 250 260
0
2
4
6
8
10
0
2
4
6
8
10
al
tit
ud
e 
(k
m
)
Day of Year Day of Year
0
2
4
6
8
10
290 300 310 320 330 290 300 310 320 330
0
2
4
6
8
10
al
tit
ud
e 
(k
m
)
Observations Twentieth Century ReanalysisShirati
Dar es Salam
Figure 8: Wind vectors from BERSON’s observations (left) and corresponding data from 20CR (right) from Shirati in August and September
1908 (top) and from Dar es Salaam from October to December 1908. The observations were interpolated to the pressure levels of 20CR.
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station coordinates. Here we only show the results for the
wind profiles obtained with pilot balloons at Shirati and
Dar es Salaam (in addition, two temperature profiles from
Shirati are shown in Fig. 5). The observations were inter-
polated to the pressure levels from 20CR using geopoten-
tial height from 20CR. In rare cases, more than one
profile was available for the same synoptic time; in this
case we averaged the profiles. Profiles that did not reach
500 m above ground were ignored, Because of the spatial
interpolation of 20CR and because we use the ensemble
mean, we expect 20CR to exhibit rather smooth profiles
with little variability.
The results (Fig. 8) show clear differences between
the inland site Shirati at the shore of Lake Victoria and
the coastal site Dar es Salaam. In Dar es Salaam, the
soundings were performed during the north-easterly
monsoon season. Easterly winds dominate above around
2 km. In the lowest layers, a transition from southerly
(during the first profiles) to northerly wind components
is found. 20CR and observations agree well with respect
to the average circulation, but also with respect to day-to-
day variability. At Shirati, the picture is more complex
both in the observations and in 20CR. Here the profiles
were obtained during the southeast monsoon season
according to SU¨RING (1910). The observations appear
to be much more noisy, which however may also be
due to diurnal wind changes (which might be more local
and thus less well captured by 20CR) on top of seasonal
and intraseasonal changes. Some of the features, such as
the frequent southerly winds at around 4 km and increas-
ing easterly wind speeds above or also some of the
intraseasonal features appear in both data sets. However,
the general agreement is clearly worse.
Note that only two station series of air pressure were
available and thus provided most of the information on
day-to-day variability for 20CR. Considering this fact,
the agreement between 20CR and BERSON’s data is
promising. However, differences arise with respect to
the complex circulation near the shore of Lake Victoria.
This shows that including BERSON’s data in future
reanalysis approaches might provide much more detailed
information.
6 Conclusion
ARTHUR BERSON’s aerological expedition to East Africa
in 1908 fell into a period of exploration of tropical mete-
orology and of expansion of the new tool of aerological
observations to other regions, promoted with enthusiasm
by the International Aeronautical Association. From a
present day perspective, BERSON’s expedition was a
milestone in the history of meteorology. But it was not
so much the study of the monsoon flow (the original
intention) that makes the work relevant today, but the
observation of the high and cold tropical tropopause
and of westerly winds in the tropical lower stratosphere.
The westerly winds were in conflict with the supposed
easterly winds that were known since the Krakatoa erup-
tion – a puzzle that was only resolved five decades later
with the discovery of the Quasi-Biennial Oscillation
(QBO).
We have digitized BERSON’s aerological data and
compare wind profiles with the ‘‘Twentieth Century
Reanalysis’’. A good agreement is found near the coast
(which is surprising considering the very sparse input
into 20CR), but the agreement deteriorates further inland.
This shows that BERSON’s observations are still valuable
today as input to current reanalysis systems or for valida-
tion in order to improve the quality and to arrive at a glo-
bal reconstruction of the daily weather back into the early
20th or even 19th century.
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